expression or to serumstarvation in culture media. The results indicate that exogenous p27
Kip1 may interact with the NPM ± ALK/ PLCg pathway in SUDHL-1 but not in KARPAS 299 cells. This interaction correlates with changes in cell cycle and cell morphology observed mainly in SUDHL-1 cells. The percentage of SUDHL-1 cells in S phase declines, whereas it is almost unchanged in KARPAS 299 cells as compared to the controls after 96 h of infection with the recombinant adenovirus. Furthermore KARPAS 299 cells are resistant to serum-starvation due to de®cient p27 Kip1 -upregulation and G1 arrest, whereas SUDHL-1 cells respond with increased G1 phase and p27 Kip1 -upregulation after 48 h of serum-starvation. Both cell lines express appropriate variation of levels of cyclins E and A, and Rb-phosphorylation as expected by growing them in culture media with dierent FBS content. Although both cell lines express cyclin D2, SUDHL-1 cells only present high level of cyclin D3. Moreover SUDHL-1 cells express high level of PTEN and the PKB/Akt pathway is constitutively activated in both cell lines. Lastly SUDHL-1 cells show higher levels of phosphotyrosine-containing proteins that is correlated with a higher NPM ± ALK-associated autophosphorylation activity compared to KARPAS 299 cells. Our study clearly identi®es some of the biochemical dierences that may explain the dierence in sensitivity to antiprolifera-Introduction Anaplastic large cell lymphoma (ALCL) has been recently described as a separate clinical entity that has been recognized by the Revised European American Classi®cation of Lymphoma (REAL) and World Health Organization (WHO) as a distinct nonHodgkin's Lymphoma (NHL) (Harris et al., 1994) . The majority of ALCL is characterized by the presence of the t(2;5)(p23;q35) chromosomal translocation that causes the fusion of the anaplastic lymphoma kinase (ALK) and nucleophosmin (NPM) genes (Falini et al., 1999) . The resulting 80 kD hybrid protein NPM ± ALK contains the amino-terminal 117 amino acid residues of the NPM protein fused to the entire cytoplasmic portion of the anaplastic lymphoma kinase, ALK (Morris et al., 1994) . NPM ± ALK protein has been shown to be oncogenic in vitro by inducing the malignant phenotype of ALCL when it is expressed in NIH3T3 mouse ®broblasts and Fr3T3 cells (Bischo et al., 1997) . In vivo, BALB/cByJ mice transplanted with murine bone marrow infected with retrovirus expressing the NPM ± ALK protein develop a lymphoid malignancy (Kuefer et al., 1997) . The nucleolar localization of the protein is not required for malignant transformation (Mason et al., 1998) . Receptor tyrosine kinases (RTKs) are involved in cell proliferation, dierentiation and malignant transformation. The stimulation of these receptors by the ligand leads to dimerization and activation through phosphorylation (Ullrich and Schlessinger, 1990) . SH2-containing signaling molecules, such as phospholipase C-g (PLCg), bind to tyrosine autophosphorylation sites on RTKs (Ullrich and Schlessinger, 1990) . This binding mediates the signal of transducer molecules and induces individual and speci®c cellular responses (Ullrich and Schlessinger, 1990) . Abnormal constitutive activation of a RTK can lead to aberrant stimulation of signaltransducing pathways, resulting in malignant transformation (Ullrich and Schlessinger, 1990) . This has been shown for several tumors, including lymphoma and leukemia (Sawyers and Denny, 1994) . Recent studies have shown, however, that NPM ± ALK may mediate its mitogenicity by targeting PLC-g (Bai et al., 1998) . The tyrosine residue Y664F has been identi®ed as the site on NPM ± ALK responsible for interaction with PLC-g (Bai et al., 1998) .
The relationship between the cyclin-dependent kinase inhibitor (CDKI) p27
Kip1 and BCR ± ABL, a chimeric oncoprotein similar to NPM ± ALK, expressed in cells derived from chronic myelogenous leukemia (CML) (Jonuleit et al., 2000; Jiang et al., 2000) has been recently investigated. BCR ± ABL protein seems to downregulate (Jonuleit et al., 2000) and to relocate p27
Kip1 to the cytoplasm (Jiang et al., 2000) , thus interfering with regulation of the cell cycle. Although the role of BCR ± ABL in the regulation of the cell cycle has been explored, the relevance of NPM ± ALK in the same context is unknown. Furthermore, it has been shown that NPM ± ALK exerts major proliferative activity responsible for the malignancy (Bai et al., 1998) . Nevertheless, the antiproliferative activity mediated by p27
Kip1 has never been investigated in ALCL-derived cell lines.
We have recently observed that SUDHL-1 cells, derived from ALCL, are very sensitive to infection with recombinant adenovirus (Turturro et al., 2000a,b) . In the current study, we test the response of two cell lines derived from human ALCL, SUDHL-1 and KARPAS 299, to either recombinant adenovirus-mediated or serum-starvation induced expression of p27
Kip1
. Therefore, we investigate the biochemical dierences between the two cell lines responsible for the observed dierence in sensitivity to the antiproliferative eect of p27 Kip1 .
Results

Effects of the adenovirus-mediated p27
Kip1 expression on the cell cycle in SUDHL-1 cells and KARPAS 299 cells after 96 h of infection
We initially evaluated the cell cycle in response to the exogenous expression of CDKI p27
Kip1 in SUDHL-1 cells and in KARPAS 299 cells. We have recently observed that 90% of SUDHL-1 cells are in G1 after 24 h of infection with 100 moi of Adp27. The cells in G1 either undergo apoptosis or persist in G1 arrest. Apoptosis induced by Adp27 is multiplicity of infection (moi)-dependent in SUDHL-1 cells, since the cells inevitably undergo apoptosis after 24 h of infection with higher moi of Adp27 (200 moi). The size of cells that arrest in G1 after infection with lower moi (50 ± 100 moi) increases as compared to the uninfected controls. We have observed that apoptosis occurring within the initial 3 days of infection with Adp27 selects a population of cells present in culture after 96 h of infection. These cells have abundant cytoplasm containing vacuoli and nuclei with coarse chromatin (Turturro et al., 2000c) . The large cells are resistant to apoptosis and they are viable for several days after infection (unpublished data).
Based on these observations, we analysed the eects of Adp27 infection on the cell cycle of SUDHL-1 and KARPAS 299 cells by determining the DNA content of the cells after 96 h of infection, when the large cell population prevails. The percentage of SUDHL-1 cells in G1 (84%) was higher compared to the controls after 96 h of infection ( Figure 1a, top panel) . The percentage of KARPAS 299 cells in G1 (63%) was higher than controls after 96 h of infection (Figure 1b A large fraction of the SUDHL-1 cells infected with Adp27 had undergone apoptosis, as shown by the subpeaks of DNA content to the left of the G1 peak ( Figure 1a , top panel) and by the cell debris present on cytospins ( Figure 1a , bottom panel). These`surviving cells' were morphologically similar to those previously described (Turturro et al., 2000c) (Figure 1a 
Analysis of the expression of NPM ± ALK/ PLCg complex in cells infected with Adp27 after 96 h of infection
To assess whether the dierence, observed between SUDHL-1 cells and KARPAS 299 cells in response to the exogenous expression of p27 Kip1 , was associated with changes in expression of the NPM ± ALK/PLCg complex, infected and uninfected cells were fractionated (cytoplasm and nucleus) and their proteins were analysed by Western blot. SUDHL-1 cells or KARPAS 299 cells eciently expressed p27
Kip1 after 96 h of infection with Adp27, as shown by Western blot analysis of fractionated nucleic-cytoplasmic proteins. The protein was present in both the cytoplasm and the nucleus of cells infected with Adp27, but it was absent in the controls (Figure 2a ,b, top panel).
NA24 is a monoclonal antibody that binds to an epitope of the NPM domain of NPM ± ALK and to the NPM normally expressed in the cells (Mason et al., 1998) . NPM ± ALK protein detected by anti-NPM was absent in both the cytoplasm and the nucleus of Adp27-infected SUDHL-1 cells (Figure 2a, second  panel) . In contrast, although there was a slight reduction in the amount of nuclear NPM ± ALK in the Adp27-infected KARPAS 299 cells, there was no dierence in expression of cytoplasmic NPM ± ALK in these cells when compared to the controls ( Figure  2b , second panel). NPM, detected by NA24 as well, was absent in the cytoplasm of the SUDHL-1 cells after 96 h of infection, although it was still present in the nucleus of the same cells to a lesser extent than the controls ( Figure 2a 
Analysis of the response of SUDHL-1 cells and KARPAS 299 cells to serum-starvation
Based on the previous observations, we tested the response of SUDHL-1 cells and KARPAS 299 cells to mitogen-deprivation by growing them in culture media with 0.1% fresh bovine serum (FBS). The absence of Kip1 (Sherr and Roberts, 1995) . For this purpose, we analysed the cell cycle by¯ow cytometry in cells derived from culture after 24, 36 and 48 h of serum-starvation. After 48 h of serum-starvation, SUDHL-1 cells only presented an increase in G1 (60%) and a minimal subG1 peak indicative of increasing cell debris ( Figure Based on the results of the cell cycle analysis, we predicted an increasing level of p27
Kip1 preceding the increase of G1 in SUDHL-1 cells. In fact, we detected an intense band of the expected size of p27
Kip1 by Western blot analysis of SUDHL-1 cell-lysates after 44 h of serum-starvation (Figure 3b , S). On the contrary, KARPAS 299 cells presented only trace of p27
Kip1 at the same time of analysis ( Figure 3b , K). These data clearly showed a dierence in cell response to serum-starvation between SUDHL-1 cells and KARPAS 299 cells. SUDHL-1 cells again showed to be more sensitive than KARPAS 299 cells to antiproliferative stimuli. Nonetheless, SUDHL-1 cells revealed a relative resistance to serum starvation, as shown by the time delay (48 h) in reaching an increase in G1 and high levels of p27 Kip1 . Furthermore, we analysed the levels of several proteins involved in the cell cycle regulation in cells after 44 h of serum-starvation, as compared to cells grown in culture medium with normal content of FBS (15%). For this purpose, we investigated the expression of the cyclins D1, D2 and D3, the cyclins E and A, and the phosporylation level of the retinoblastoma protein (Rb) by Western blot analysis. The levels of the cyclins D rise during the initial G1 phase in a cell dependent manner (Suzuki et al., 1999) . These cyclins interact with partner cyclin-dependent kinases 4 and 6 (CDK4 and CDK6) and they collaborate with cyclin Edependent kinase 2 (CDK2) during the late G1 to control the restriction point of the G1-S phase, regulated by the level of Rb phosphorylation (Sherr, 2000) . The level of cyclin A increases during the S phase (Sherr, 2000) .
Cyclin D1 was absent in both cell lines tested (data not shown). Although both SUDHL-1 cells and 
Analysis of the PTEN/Akt pathway in SUDHL-1 cells and KARPAS 299 cells
Phosphatase and tensin homolog (PTEN) protein is a tumor suppressor involved in several functional roles in the cell (Di Cristofano and Pandol®, 2000) . It has recently been shown that PTEN regulates the cell cycle progression and cell survival by modulating the phosphatidylinositol 3, 4, 5-triphosphate (PIP3) and protein kinase B/Akt (PKB/Akt) signaling pathways (Di Cristofano and Pandol®, 2000) . A negative regulation of the signaling pathway by PTEN has been demonstrated by several investigators (Stambolic et al., 1998; Wu et al., 1998; Ramaswamy et al., 1999) .
To . These data showed that there was dierence in PTEN expression between the cell lines tested. The data also showed that PKB/Akt pathway is constitutively activated in both cell lines, but higher levels of Akt/ pAkt are present in SUDHL-1 cells.
Evalauation of the phosphotyrosine-containing proteins and the NPM ± ALK-associated autophosphorylation activity in SUDHL-1 cells and KARPAS 299 cells It has recently been shown that NPM ± ALK exerts its activity by phosphorylating several substrates (Bai et al., 1998) .
Using an anti-phosphotyrosine monoclonal antibody, we were able to show by Western blot analysis Figure 6 (a) Western blot analysis of the phosphotyrosinecontaining proteins. Cells were grown in culture medium with normal FBS-content (15%) either containing 100 100 mM orthovanadate for 2 h (2 and 4) or not (1 and 3). Their lysates were probed with anti-phosphotyrosine monoclonal antibody and immunoblotted as described in Material and methods. Note a fainter 135 kD band (arrow) and two more intense band, one just below the 85 kD band (arrowhead) and the other of 44 kD, present in SUDHL1 cells incubated with orthovanadate (2). Note also the dierence in intensity of the 85 kD band (NPM ± ALK) and of the other four bands in the 70 ± 55 kD range between SUDHL-1 cells and KARPAS 299 cells incubated with orthovanadate (2 and 4). (b) NPM ± ALK-associated autophosphorylation assay. Cells grown in culture medium with normal FBS-content (15%) were immunoprecipitate with anti-ALK1 monoclonal antibody to pull down the NPM ± ALK protein.
The immunoprecipitate was incubate for 30 min to incorporate [g-32 P]ATP and loaded on PAGE gel as described in Material and methods. After electrophoresis the dried gel was exposed to radiography Figure 4 Western blot analysis of cyclin-expression and Rbphosphorylation. Lysates from cells grown for 44 h in culture media containing 0.1% (0.1) or 15% (15) FBS respectively, were probed with monoclonal antibodies as indicated on the right of the panels and immunoblotted as described in Material and methods. Note that the three bands visible in the blot probed with anti-Rb (ppRb/pRb) represent dierent levels of phosphorylation of the protein Figure 5 Western blot analysis of PTEN and Akt/pAkt expression. Lysates from cells grown in culture medium with normal FBS-content (15%) were probed with monoclonal antibodies as indicated on the right of the panels and immunoblotted as described in Material and methods that SUDHL-1 cells presented a band of the expected size of NPM ± ALK (85 kD) more intense than that visible in KARPAS 299 cells (Figure 6a) . A second band just below the 85 kD was also more intense in SUDHL-1 cells than in KARPAS 299 (Figure 6a , arrowhead). This pattern of bands was consistent with the double bands previously observed (Figure 2a,b) . Furthermore, the intensities of four bands present within a range of 70 ± 55 kD and of one band of 44 kD were more prominent in SUDHL-1 cells than in KARPAS 299 (Figure 6a ). Lastly, a band of 135 kD was less prominent in SUDHL-1 cells than in KARPAS 299 cells (Figure 6a, arrow) . These data were indicative of dierences in levels of phosphotyrosine-containing proteins between SUDHL-1 cells and KARPAS 299.
NPM ± ALK presents autophosphorylating-associated activity (Bai et al., 1998) . To assess whether the observed dierence of phosphoproteins between the cell lines was related to dierent NPM ± ALK-associated autophosphorylation activity between SUDHL-1 cells and KARPAS 299 cells, we investigated this activity. We incubated in vitro NPM ± ALK immunoprecipitated with monoclonal antibody ALK1 using [g 32 P]ATP as substrate. The incorporation of the phosphate into NPM ± ALK was detected by autoradiography of the dry gel after electrophoresis. The band present was within the expected size of NPM ± ALK (85 kD) and was more prominent in SUDHL-1 cells than in KARPAS 299 cells (Figure 6b ). This data was indicative of higher NPM ± ALK-associated autophosphorylation activity in SUDHL-1 cells than in KARPAS 299 cells. Therefore a higher autophosphorylation activity was associated with a higher content of phosphotyrosinecontaining proteins in SUDHL-1 cells (Figure 6 ).
Discussion
Recent studies have shown an inverse correlation between p27 Kip1 expression and proliferation index de®ned as expression of Ki67 in tissues derived from human lymphomas (Sanchez-Beato et al., 1997) . The deregulation of the antiproliferative function of the CDKI p27
Kip1 is felt to be an important determinant of malignant phenotype (Lloyd et al., 1999) . Low levels of p27
Kip1 have been associated with increased malignancy in lymphomas (Sgambato et al., 2000) . There is some evidence that the antiproliferative activity of the p27 Kip1 is related to functions other than the regulation of the CDK activity and cell cycle progression (Sgambato et al., 2000) . Recent studies have reported the relationship between exogenous expression of p27 Kip1 and apoptosis (Craig et al., 1997; Sgambato et al., 2000) . A novel function of the p27 Kip1 has been suggested based on these reports. The cyclin-dependent kinase inhibitor (CDKI) might coordinate the cell cycle and apoptosis in order to protect cells from external insults eliciting cell proliferation and cell death (Sgambato et al., 2000) . The relevance of the chimeric protein BCR ± ABL in increasing p27
Kip1 ubiquination has been recently elucidated (Jonuleit et al., 2000) . The proliferative activity of the oncogenic protein BCR ± ABL is exerted through the regulation of the level of p27 Kip1 . The interaction between another chimeric fusion protein, NPM ± ALK, and PLC-g has been shown to play a role in oncogenesis (Bai et al., 1998) . Although the role that the interaction between an oncogenic protein and p27 Kip1 plays in cell cycle regulation and cellular proliferation has been addressed, the antiproliferative eect mediated by increased levels of p27
Kip1 has never been explored in a malignancy caused by an oncogenic protein. Our interest in exploring recombinant adenoviruses expressing`killer' genes for gene therapy of ALCL (Turturro et al., 2000b) has prompted us to evaluate the eects of adenovirus-mediated expression of p27
Kip1 in ALCL-derived cells. Our study is the ®rst to investigate the eect of exogenous expression of p27
Kip1 in cells derived from human ALCL. We have observed that SUDHL-1 cells undergo apoptosis or remain in G1 for several days after infection with recombinant adenovirus-expressing p27
Kip1 (Turturro et al., 2000a) . Our current study shows a dierence in terms of response to the Adp27-mediated expression of p27
Kip1 between SUDHL-1 cells and KARPAS 299 cells. The`selective pressure' operated by the adenovirus-mediated p27
Kip1 expression is maximum after 96 h of infection. We show that 84% of SUDHL-1 cells are in G1 phase and they are uniformly larger than the controls. This event is coincidental with the disappearance of NPM ± ALK in the same cells. On the contrary, KARPAS 299 cells show more pronounced proliferative activity and their level of NPM ± ALK is unchanged compared to the controls. The`selective pressure' (large cells) operated by the exogenous expression of p27
Kip1 is less evident in KARPAS 299 cells. We show NPM ± ALK-disappearance from the cytoplasm and nuclei of SUDHL-1 cells infected with Adp27. The absence of NPM in the cytoplasm and nuclei of SUDHL-1 cells is also evident when anti-NPM is used to detect the fusion protein. In our study, it seems that the expression of PLCg is also downregulated as a result of the exogenous expression of p27
Kip1 . This may be expected since an increase in p27
Kip1 expression results in limiting the entry of cells into S phase, while increased expression of PLCg plays an important role in promoting signal transduction and proliferation (Ullrich and Schlessinger, 1990; Bai et al., 1998) . Although the evidence is circumstantial, we hypothesize that exogenous expression of p27
Kip1 might be indirectly responsible for the catabolism of the NPM ± ALK protein. Whether the reduced levels of NPM ± ALK/ PLCg and NPM play an antiproliferative activity is still to be determined. Further studies will be necessary to investigate a mechanistic role of the events. In this context, NPM may play a major role in view of recent ®ndings. NPM is involved in several activities, for example, the assembly and intranuclear transport of pre-ribosomal components, cytoplasmicnuclear tracking and protein chaperoning activities (Spector et al., 1984; Szebeni and Olson, 1999) . In a very recent study, the coordination of the centrosome and DNA duplication within the cell cycle has been ascribed to NPM (Okuda et al., 2000) . In the proposed model NPM binds and stabilizes the centrosome. NPM dissociates from the centrosome upon phosphorylation by CDK2/cyclin E initiating the duplication of the centriole and anticipating the mitosis. NPM functions as a trigger for the centrosome duplication and the cell cycle progression to the mitosis (Okuda et al., 2000) .
Moreover our study shows that the dierence in sensitivity to the antiproliferative eect of p27 Kip1 between SUDHL-1 cells and KARPAS 299 cells is associated with other biochemical dierences present in the cell lines. The absence of G1 arrest, caused by a delayed or absent upregulation of p27
Kip1 in response to serum-starvation in KARPAS 299 cells, may imply a dysregulation of the cellular response to mitogens. The upregulation of p27
Kip1 in response to serum deprivation is an established mechanism occurring in a large number of cell types (Sherr and Roberts, 1995) . The failure to respond to mitogens shown by KARPAS 299 cells may explain their resistance to antiproliferative actions. On the contrary, SUDHL-1 cells respond to serum-starvation upregulating p27
Kip1 although with a delayed response. Based on our observations it seems that the dysregulation of p27
Kip1 plays a major role in determining the way the two cell lines respond to the antiproliferative stimuli. In fact, we show that the levels of cyclin E, cyclin A and phosphorylation of Rb protein are as expected and as anticipated by the cell cycle events for both cell lines (Sherr, 2000) . Nevertheless, the levels of cyclins D2 and D3 are dierent in the two cell lines. It has been shown that the expression of cyclins D is cell speci®c in lymphoid malignancies (Suzuki et al., 1999) . Although it has recently been established that the interaction between cyclin D3 and p27
Kip1 plays an important role in the regulation of the cellular proliferative activity (Depoortere et al., 2000) , its role in SUDHL-1 cells is unknown. We hypothesize that the dierence in expression of cyclins D between the two cell lines may have relevance in the regulation of their proliferative activity.
A recent study has documented that high expression of PKB/Akt is associated with tolerance for nutrient starvation in cells derived from hepatoma (Izuishi et al., 2000) . Furthermore, two more recent studies have shown that BCR/ABL regulates the expression of p27 Kip1 through the phosphatidylinositol 3-kinase (PI3K)/Akt (Gesbert et al., 2000) , and that NPM-ALK activates the same signaling pathway in SUDHL-1 cells and other ALCL-derived cells (Bai et al., 2000) . Lastly, the multiple roles of PTEN in cell proliferation and survival have been recently underlined (Di Cristofano and Pandol®, 2000) . In our study we show that PKB/Akt is upregulated in both cell lines. These data con®rm recent observations made by others in ALCL-derived cells (Bai et al., 2000) . Although Bai et al. showed in their study that apoptosis occurred in ALCL-derived cells by inhibiting the PI3K/Akt pathway with wortmannin, they did not investigate the role of p27
Kip1 in this context. We hypothesize that the relationship between NPM-ALK/PI3P/Akt/ and p27 Kip1 may be similar to that documented for BCR/ABL in CML (Gesbert et al., 2000) . Our observations favor the idea that the regulation of p27
Kip1 operated by NPM-ALK/Akt is cell speci®c, as shown by the dierences between SUDHL-1 cells and KARPAS 299. PTEN may play an important role in this scenario. In fact, we show dierences in levels of PTEN and Akt/pAkt between SUDHL-1 cells and KARPAS 299 cells. PTEN is a tumor suppressor highly mutated and not functional in human cancer (Di Cristofano and Pandol®, 2000) . Although it has been shown that PTEN gene is not mutated in KARPAS 299 cells (Sakai et al., 1998) , the same gene has never been studied in SUDHL-1 cells. At the moment we have screened the sequence of exon 5 in SUDHL-1 cells without documenting any mutations (unpublished data).
Moreover, it has recently been shown that NPM ± ALK activates the PI3K/Akt signaling pathway in ALCL-derived cell lines (Bai et al., 2000) . It is possible that dierences in phosphorylation level of NPM ± ALK may be relevant in regulating the functional activity of the oncogenic protein, as shown by a recent study (Hubinger et al., 1999) . Our data show that there is dierence in NPM ± ALK-associated autophosphorylation activity between the two cell lines tested. We also show dierence in level of the phosphotyrosinecontaining proteins between SUDHL-1 cells and KARPAS cells. These data may explain for instance the dierent level of phosphorylation of NPM ± ALK detected by the monoclonal antibody anti-phosphostyrosine between the two cell lines. It may also explain the NPM ± ALK double bands detected by the monoclonal antibody anti-phosphotyrosine on the immunoblot, and by the monoclonal antibody anti-NPM in the cytoplasm of the SUDHL-1 cells and in the nucleus of the KARPAS 299 cells on the fractionated immunoblot.
In conclusion, our study analyses the complexity of the multiple biochemical pathways involved in regulating the proliferative activity of cells derived from a lymphoma caused by the abnormal expression of an oncogenic protein, NPM ± ALK. Our study further shows the relevance of the biochemical dierences between the two cell lines in regulating the response to the antiproliferative activity of adenovirus-mediated p27
Kip1 expression. This may be important for the potential use of recombinant adenoviruses for gene therapy of this lymphoma.
Materials and methods
Cell lines and recombinant adenovirus-infection
SUDHL-1 cells were kindly provided by Dr S Morris, St Jude Children's Research Hospital. SUDHL-1 cells are derived from a 12-year-old boy (Morgan et al., 1989) . KARPAS 299 cells were purchased from DSMZ, Germany, and they were derived from a 24-year-old man (Fischer et al., 1988) . Both cell lines are derived from human ALCL with t(2;5) translocation. We decided to test these cell lines because they were derived from patients of dierent ages. All cells were cultured in RPMI 1640 (Life Technologies) containing 0.1 or 15% heat inactivated FBS as previously described (Turturro et al., 2000a) . Infections with 100 moi of recombinant adenovirus Adp27 (expressing the p27 Kip1 protein) and AdNull (recombinant adenovirus without insert) were performed using SUDHL-1 cells and KARPAS 299 cells as previously described (Turturro et al., 2000a) . Uninfected cells (mock) were used as controls. Both viral vectors have been previously described (Craig et al., 1997) .
Cell cycle analysis and cytospin staining
For DNA-content analysis, cells (5610 5 ) were washed in PBS and stained with propidium iodide (PI) according to the manufacturer's instructions (Coulter) after 96 h of infection with Adp27 and AdNull. Uninfected cells were used as controls. Cells (SUDHL-1 and KARPAS 299) were analysed for the percentage of cells in each phase of the cell cycle using an Epics XL cytometer (Coulter).
Cells were spun on slides (cytospins) at 1000 r.p.m. for 10 min after 96 h of infection with Adp27 and AdNull. Uninfected cells were used as controls. Slides were ®xed with methanol, stained with Giemsa and observed with a light microscope.
Cytoplasmic-nuclear protein fractionation and Western blot analysis NE-PER Nuclear and Cytoplasmic Extraction Reagents (Pierce) were used to isolate total cellular proteins from SUDHL-1 cells and KARPAS 299 cells after 96 h of infection with Adp27, AdNull and from uninfected cells (mock). Brie¯y, the packed cell pellet was resuspended in cytoplasmic extraction reagent I (CERI) and placed at 48C for 10 min. Cytoplasmic extraction reagent II (CERII) was added and incubated at 48C for 1 min. Samples were then centrifuged and the supernatant containing the cytoplasmic protein fraction was transferred to a new tube. The cell pellet was resuspended in nuclear extraction reagent (NER) and incubated at 48C for 40 min, vortexing every 10 min. Samples were again centrifuged and the supernatant containing nuclear protein was saved. Protein concentration was determined using a protein assay dye reagent (Bio-Rad) with bovine serum albumin as standards.
For Western blot analysis of the fractionated lysates, 7 mg of both nuclear and cytoplasmic proteins for each cell line were separated on either a 7.5 or a 8 ± 16% gradient readymade polyacrylamide gel (Bio-Rad) and transferred to nitrocellulose. Blots were incubated with blocking solution (5% dry milk in PBS/ 0.1% Tween-20 for 30 min) and then probed with primary antibodies for 1 h at room temperature.
Monoclonal antibody NA-24 has been previously described (Mason et al., 1998) . PLCg (polyclonal) and p27 (F-8, monoclonal) antibodies were used at dilution of 1 : 200 and 1 : 100 respectively (Santa Cruz Biotechnology). For Western blot analysis other than fractionated cells, total proteins from the cell lysates were run on 8 ± 16% gradient gels as described above. Primary antibodies anti-p27 (dilution 1 : 100), anticyclins D2 and D3 (dilution 1 : 200), anti-cyclins E and A (dilution 1 : 100), anti-Rb (dilution 1 : 100) and anti-PTEN (1 : 200) were purchased from Santa Cruz Biotec. Primary antibody anti-Akt and anti-pAkt were used at dilution 1 : 200, and they were purchased from New England Biolabs. Antibactin antibody (AC-15, Sigma) was used at 1 : 5000 as a control for an equal load in all the experiments. Blots were subsequently incubated with secondary anti-IgG-HRP conjugated antibody (Sigma) at 1 : 10 000. Blots were developed using ECL kit (Amersham Pharmacia) and exposed to X-ray ®lm.
For the immunoblot analysis of the tyrosine-phosphorylated proteins, cells were either incubated with or without 100 mM orthovanadate (Sigma) for 2 h to inhibit cellular phosphatases. Cells were processed for Western blot analysis as described above. Primary antibody anti-phosphotyrosine (4G10) was used at dilution 1 : 1000 and purchased from Upstate Biotec.
NPM ± ALK-associated autophosphorylation assay.
Cells (5610 6 ) were harvested and lysed in RIPA buer. Monoclonal antibody ALK1 was used to immunoprecipitate NPM ± ALK as previously described (Mason et al., 1998) . Protein A-agorose beads were added to the immunoprecipitate and incubated by rotating for 45 min. After centrifugation, the supernatant was removed and the beads were washed twice with TNN buer and four times in kinase buer (106buer: 200 mM Tris-HCl pH 7.4, 75 mM MgCl 2 and 10 mM DTT). A mixture containing 0.3 mM ATP-lithium salt and [g 32 P]ATP was added to the precipitate suspended in kinase buer. The mixture was incubated at 378C for 30 min. The samples were loaded on 12% PAGE gel after centrifugation and boiling. The gel was stained with Coomassie to assess equal load of proteins. Gel was dried and exposed to ®lm for autoradiography.
